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METHOD AND APPARATUS FOR
ANALYZING AND DESIGNING VARIOUS
NETWORK CONFIGURATION SCENARIOS

FIELD OF THE INVENTION

The present mvention relates generally to network plan-
ning tools, and more particularly, to an improved network
planning tool that allows various network configuration
scenarios to be engineered and compared.

BACKGROUND OF THE INVENTION

In the United States, telephone service was historically
provided almost exclusively by American Telephone and
Telegraph, Inc. (now AT&T). Following the deregulation of
the telephone industry in 1984, AT&T was limited to pro-
viding long distance telephone service, and local telephone
service was thereafter provided by the Regional Bell Oper-
ating Companies (RBOCs), such as Bell Atlantic and South-
ern New England Telephone (now SNET). Thus, following
deregulation, the Regional Bell Operating Companies
(RBOCs) initially served as the exclusive local exchange
carriers (LECs), and maintained the subscriber loop between
the Public Switched Telephone Network (PSTN) and each
individual telephone subscriber. As competition 1n all seg-
ments of the telephone industry increases, however, other
companies are poised to provide telephone service.

The 1ncreasing demand for high-speed data transmission
has further increased the demand for access in the local loop.
Thus, there 1s a corresponding increase in the number of
service providers attempting to provide direct service to
customers. In order to permit competition i1n the local
telephone market, the Regional Bell Operating Companies
(RBOCs) were required to unbundle their subscriber loop,
such that the Competing Local Exchange Carriers (CLECs)
and other service providers can access the subscriber.
Typically, the unbundling occurs along the subscriber loop,
between the LEC’s Central Office and the subscriber’s
cequipment, with a costly hard-wired connection. With the
increasing popularity of wireless networks, however, there
are new opportunities for a service provider to access a
customer without requiring a wired connection to the local
loop of each subscriber.

Thus, service providers are aggressively pursuing several
different wired and wireless access technologies that allow
them to provide service to customers 1n a cost effective and
efficient manner, including enhanced copper (xDSL), cable
networks (HFC), 3G mobile wireless platforms, fiber optics,
satellite broadband networks and fixed wireless broadband
(FWB) systems. Fixed wireless broadband systems have
been found to be particularly beneficial for new market
entrants who do not have an existing local loop infrastruc-
ture. Among other benefits, fixed wireless broadband access
networks can be deployed quickly and relatively
inexpensively, offering new service providers a viable
means of accessing the local subscribers.

While these emerging access technologies possess many
advantages for building local access networks, they pose
unique challenges for market and network planners. For
example, the service provider 1s faced with uncertainty in the
types of services required, their bandwidth over time, and
the specific locations of customers that may require such
services. Before the first customer can even be signed up, the
service provider must typically prioritize the areas to pro-
ceed 1n and obtain sufficient real estate and spectrum assets
for the required network elements.
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Thus, before proceeding in a given new market, the
service provider must perform a detailed analysis of the
market to evaluate the costs and benefits of proceeding in the
market. For a service provider that is interested in serving
only commercial customers, the service provider typically
identifies existing commercial buildings, and obtains mnfor-
mation about the tenants and their telecommunication needs.
A forecast can be generated based on existing models that
correlate, for example, between industry codes, number of
employees and annual revenues to predict the telecommu-
nication needs of each potential customer.

In addition, the network infrastructure required to support
the forecasted customer base must also be engineered, so
that an estimate of the corresponding costs for the network
infrastructure can be generated. Generally, the network
planner must determine the appropriate size, location, and
timing of required network components that minimizes the
business risk and satisfies the bandwidth requirements. The
number and location of nodes in a broadband network
typically have a cascading impact on equipment costs within
the nodes and on transmission costs from the individual
nodes to a centralized node that connects to other networks,
such as the PSTN. Therefore, the network planner must
quantily the overall cost for each network configuration
option that 1s examined. In this manner, the service provider
can make an informed decision about whether to proceed in
a given market and can prioritize markets, market strategies

and customer segments.

FIG. 1 1s a schematic block diagram of a conventional
fixed wireless broadband network 100. As shown 1n FIG. 1,
the fixed wireless broadband network 100 generally consist
of one or more service nodes (SN), such as the service node
110, and hubs nodes, such as the hub nodes 120-1 through
120-3 (hereinafter, collectively referred to as hub nodes
120). The centrally located service node 110 serves as a
gateway to other networks, such as the Internet 140, the
PSTN 150, or other service nodes 160. A service node 110
contains the centralized switching and routing equipment, as
well as service-specific servers, 1n a known manner. Traffic
flows from the service node 110 to the intermediate hub
nodes 120 located near end-user buildings, such as end-user

buildings 125-1 through 125-N (hereinafter, collectively
referred to as end-user buildings 125). Hub nodes 120
contain point-to-point or point-to-multipoint wireless base
stations that communicate with the multiple end-user build-
ings 125. Multiplexing and transmission equipment in the
hub nodes 120 concentrates trafhic to provide more economi-
cal transmission to the service node 110. A wireless con-
nection 122 1s typically used to connect the end-user build-
ing 125 to the corresponding hub node 120. The hub-to-
service node connection typically utilizes a wireline link
115, such as a fiber connection. For a more detailed discus-
sion of the elements 1n a fixed wireless broadband network,
sce, for example, Martin P. Clarke, “Wireless Access
Networks,” John Wiley & Sons, 2000, incorporated by
reference herein.

A need therefore exists for an improved method and
apparatus for analyzing and designing various network
conilguration scenarios. A further need exists for a network
planning tool that analyzes the effects of variations 1n service
demand on equipment configurations and network topology;
analyzes the costs and benefits of a given configuration; and
provides necessary information for implementing a desired
conilguration.

SUMMARY OF THE INVENTION

Generally, a method and apparatus are disclosed for
analyzing and designing various configuration scenarios for
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a communication network. The disclosed network planning
tool employs a modular design that allows market assess-
ment and network planning functions to be performed more
ciiiciently and accurately using a single integrated design
tool. The present invention can model and evaluate network
scenar10os for both wired and wireless access technologies.

In an exemplary implementation for modeling and evalu-
ating fixed wireless access networks, the network planning
tool comprises four main modules, namely, a market sce-

nario planner, a cluster analysis tool, a hub sector planner
and a network architecture planner. Generally, the market
scenar1o planner analyzes market-specific data for potential
customers to generate a list of target customers. A given
service provider can create the market-specific data by
gathering market information and applying well-known
models to predict the telecommunications needs of target
customers. The original potential customer list may be
filtered, for example, based on certain parameters, such as
building type, number of tenants or employees, minimum
demand levels, or minimum projected revenues. In addition,
the market scenario planner can estimate how the initial
demand for the various services will grow over time. By
varying the filtering and/or demand parameters using the
market scenario planner, a number of scenarios can be
created that can then be processed by the other modules.

The cluster analysis tool allows the network planner to
identity “clusters” of demand for potential hub placement.
More specifically, the cluster analysis tool processes the
target customers identified by the market scenario planner
and determines an optimal location for the hub sites, their
assoclated customer buildings and the detailed access
method per building, based on the distance of the buildings
to each possible hub and the total bandwidth served from the
hub. Generally, the serving radius of the selected radio
technology and vendor provide a collection of hub sites that
cover the maximum amount of demand subject to user-
configurable upper and lower bandwidth thresholds.

The hub sector planner analyzes the hub assignments
generated by the cluster analysis tool (i.e., the hub locations,
covered buildings and their access type) and allocates each
building 1n a given hub to a particular sector. The hub sector
planner takes mto account the selected radio technology, its
frequency bandwidth requirements for the given
confliguration, and the number of FCC channels that are held
by the service provider (or are planned to be obtained). The
hub sector planner indicates which and how many buildings
can be served by the selected configuration for the assumed
number of available FCC channels. The output of the
exemplary hub sector planner also 1dentifies hub locations,
their associated buildings that can be served and the building
and hub radio equipment requirements.

The network architecture planner processes the output of
the hub sector planning tool to generate a complete con-
figuration of the network in terms of equipment require-
ments at each building, hub and service node of the overall
access network. The network architecture planner provides
a year-by-year equipment bill of materials for each network
clement or node, as well as the bandwidth requirements
between such nodes, from which corresponding capital and
operational expenses can be derived for the scenario. Rev-
enue models included 1n the network architecture planner
allow the service provider to consider various pricing strat-
egies for the services offered. Once the expense and revenue
information 1s available, the network architecture planner
includes business measures that allow the service provider to
evaluate the scenario with known business measures. In this
manner, various scenarios can be compared and analyzed
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4

simultaneously, thus allowing the planner to select a robust
network solution.

A more complete understanding of the present invention,
as well as further features and advantages of the present
invention, will be obtained by reference to the following
detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic block diagram of a conventional
fixed wireless broadband network;

FIG. 2 1s a schematic block diagram of a market assess-
ment and network planning tool in accordance with the
present 1nvention;

FIG. 3 1s a flow chart describing an exemplary imple-
mentation of the cluster analysis tool of FIG. 2;

FIG. 4 1llustrates a hub cluster diagram generated by the
cluster analysis tool of FIG. 3;

FIG. 5 1s a sample table from an exemplary cluster
analysis hub database generated by the cluster analysis tool

of FIG. 3;

FIG. 6 1s a sample table from an exemplary cluster
analysis building database generated by the cluster analysis

tool of FIG. 3;

FIGS. 7A and 7B, collectively, are a tlow chart describing

an exemplary implementation of the hub sector planner of
FIG. 2;

FIG. 8 illustrates a hub sectoring output produced by the
hub sector planner of FIG. 7;

FIG. 9 1s a sample table from a hub sector database
generated by the hub sector planner of FIG. 7;

FIG. 10 1llustrates a hub equipment listing 1dentifying all
equipment components required for a given hub and its
assigned buildings under a certain scenario, as generated by
the network architecture planner of FIG. 2; and

FIG. 11 1llustrates a service node equipment listing 1den-
tifying all equipment components required for a given
service node under a certain scenario, as generated by the
network architecture planner of FIG. 2.

DETAILED DESCRIPTION

The present 1nvention provides a market assessment and
network planning tool 200, hereinafter referred to as net-
work planning tool 200, discussed below in conjunction
with FIG. 2. The network planning tool 200 allows network
planners to mncorporate various levels of demand uncertain-
ties and focus on the financial outcomes of various test cases
before the actual network 1s implemented. While the exem-
plary network planning tool 200 models a fixed wireless
access network, the present invention may be applied to
model and evaluate network scenarios for other wired or
wireless access technologies, as would be apparent to a
person of ordinary skill i the art.

As shown 1n FIG. 2, the network planning tool 200
comprises four main modules, namely, a market scenario
planner 210, a cluster analysis tool 300, a hub sector planner
700 and a network architecture planner 250. Generally, the
market scenario planner 210 analyzes a listing of potential
customers to generate a list of target customers. The cluster
analysis tool 300 allows the network planner to idenfify
“clusters” of demand for potential hub placement. The hub
sector planner 700 analyzes the hub assignments generated
by the cluster analysis tool 300 and allocates each building
in a given hub to a particular sector. The network architec-
ture planner 250 processes the output of the hub sector
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planning tool 700 to (1) generate a complete configuration of
the network m terms of equipment requirements at each
node (each building, hub and service node); and (11) compare
a sct of scenarios using several financial measures.

As shown i FIG. 2, the network planning tool 200
includes a processor 205 and a data storage device 208. Data
storage device 208 will configure the processor 205 to
implement the methods, steps, and functions disclosed
herein. The data storage device 208 could be distributed or
local and the processor 205 could be distributed or singular.
The data storage device 208 could be implemented as an
electrical, magnetic or optical memory, or any combination
of these or other types of storage devices. The term
“memory” should be construed broadly enough to encom-
pass any mnformation able to be read from or written to an
address 1n the addressable space accessed by processor 208.
With this definition, information on a network 1s still within
the data storage device 208 because the processor 205 can
retrieve the information from the network.

Market Scenario Planner

The market scenario planner 210 allows parameters to be
specified to form a “scenario” that 1s carried over into
subsequent modules. As shown 1n FIG. 2, the market sce-
nario planner 210 reads in market-specific data 220 for
various end-user buildings 1n the market. Generally, the
market-specific data 220 contains information about poten-
fial customers 1n the target market, including address infor-
mation. Typically, a given service provider will create the
market-specific data 220 by gathering market information,
¢.g., from the Dun & Bradstreet business database, and
applying well-known models to predict the telecommunica-
tions needs of target customers. Thus, 1n the exemplary
embodiment, the market-specific data 220 may include a
record for each end-user building in the market and, for each
building, indicate characteristics such as: building address,
building size, latitude, longitude, tenant SIC codes, tenant
revenue, number of tenant employees, building type (e.g.,
commercial, multi-tenant, warechouse storage, educational or
government), and the initial demand estimates for various
telecommunication services.

The market scenario planner 210 allows the user to
optionally filter the original set of buildings from the
market-specific data 220 based on certain parameters, such
as building type, number of tenants or employees, minimum
demand levels, or minimum projected revenues, to generate
a list of target customers 230. In addition, the market
scenario planner 210 estimates how the 1nitial demand for
the various services will grow 1n each time interval of the
planning period. This 1s done based on user-specified param-
eters such as the number of lines and bandwidth growth per
year, concentration rates, and market share. Thus, by varying
the filtering and/or demand parameters, a number of sce-
narios can be created through the market scenario planner
210 that can then be processed by the other modules.

Cluster Analysis Tool

Generally, the cluster analysis tool 300 1n the exemplary
embodiment designs the market clusters for point-to-point
and point-to-multipoint microwave radio systems, based on
the bandwidth demand from customers in the area. The
cluster analysis tool 300 selects buildings to serve as hubs
and assigns other buildings to the selected hubs, based on the
distance of the building to each possible hub and the total
bandwidth served from the hub. Thus, the cluster analysis
tool 300 processes the target customer list 230 from the
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market scenario planner 210 and determines an optimal
location for the hub sites, their associated customer build-
ings and the detailed access method per building. In one
embodiment, if a given service provider has already estab-
lished a hub 1n a given market, the corresponding building
can optionally be pre-selected as a hub. In addition, any
end-user buildings served by the preexisting hub can be
removed from consideration.

Based on a geographic distribution of demand, the
selected radio technology (such as point-to-point, point-to-
multipoint, or a hybrid), and the equipment vendor (whose
products may vary in their use of spectrum), the cluster
analysis tool 300 determines the number of radio hubs that
are required to serve the end-user buildings. As discussed
hereinafter, the cluster analysis tool 300 evaluates the pos-
sible hub locations by evaluating, ¢.g., minimum demand
thresholds, bandwidth capacity of the selected vendor and an
appropriate rain radius for the area for the different tech-
nologies. It 1s noted that the distance limitations between the
hub node and end-user buildings can vary i1n accordance
with climate conditions called here Crane Regions. For each
identified (potential) hub, the cluster analysis tool 300
determines a building assignment based on distance and
available capacity at the hub.

Generally, the serving radius of the selected radio tech-
nology and vendor provide a collection of hub sites that
cover the maximum amount of demand subject to selectable
upper and lower bandwidth thresholds. Constraints of RF
range and bandwidth capacity of the vendor equipment are
taken 1nto account in the clustering algorithms. In addition,
the distance between hubs can be taken into account to
minimize hub-to-hub RF iterference.

FIG. 3 1s a flow chart describing an exemplary imple-
mentation of the cluster analysis tool 300. As shown 1n FIG.
3, the cluster analysis tool 300 mnitially determines an initial
radius value during step 305, based on the climate of the
market being considered, and vendor information. In this
embodiment, the QAM radwuus limit 1s established first.
Thereafter, the cluster analysis tool 300 examines the QAM
load for each potential hub during step 310.

A test 1s performed during step 315 to determine if any
potential hub has too much demand for the unassigned
buildings within the current radius. If 1t 1s determined during
step 315 that one or more potential hubs have too much
demand for the unassigned buildings within the current
radius, then the hub radius 1s reduced to current radius using
a specified decrement amount during step 320. If, however,
it 1s determined during step 315 that no potential hub has too
much demand for the unassigned buildings within the cur-
rent radius, then all buildings (potential hubs) are within the

pre-speciiied hub capacity and program control proceeds to
step 325.

The potential hub with the maximum load 1s selected as
a hub during step 325 for further inspection. A test 1s
performed during step 335 to determine 1f the selected hub
candidate’s current radius 1s equal to the QAM maximum
radius. If 1t 1s, then step 340 1s performed which determines
whether additional capacity can be added by expanding the
current radius beyond QAM into the QPSK region. It is
increased until either the hub capacity limit 1s reached or the
QPSK distance 1s reached whichever occurs first. In either
case, step 345 1s performed based on the current radius.

The total load for the selected hub candidate from all
unassigned buildings 1s determined using the current radius
in step 345. Then 1n step 350, a test 1s made to see if this load
1s below the minimum allowed for a hub. If so, then the
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algorithm stops (step 360). If the load is above the minimum,
however, then step 355 1s performed.

In step 355, all unassigned buildings within the current
radius for the selected hub are assigned to 1t and control goes
back to step 305. This algorithm conftinues until step 360 1s
reached.

In further variations of the cluster analysis tool 300, the
algorithm can consider the relative cost advantage of various
technologies, such as QAM versus QPSK. In addition, the
minimum distance of each additional hub from all other
hubs 1n the network can be considered to ensure that each

new hub 1s positioned at a safe distance from all other hubs
to minimize the potential radio interference resulting from
hub proximaty.

FIG. 4 1llustrates a hub cluster diagram 400 generated by

the cluster analysis tool 300. As shown 1n FIG. 4, the cluster
analysis tool 300 has assigned the various buildings in the

target list 230 to five different hubs 410-1 through 410-5.
Hubs 410-1, 410-2 and 410-3 correspond selected hubs,

such as hubs already established 1n a given market. Pre-
selected hub 410-2 captures some buildings within the areca
of hub 410-1 but not selected by hub 410-1. Pre-selected hub
410-3 captures some buildings within the area of hubs 410-1

and 410-2 but not selected by hubs 410-1 or 410-2. The
radius of the exemplary hubs 410-1 and 410-4 has been

reduced to meet the capacity requirement (during step 320).
The radius of the exemplary hub 410-5 has been increased
towards the technology limit (QPSK) to accommodate addi-
tional capacity (during step 350).

FIG. § 1s a sample table from an exemplary cluster
analysis hub database 500. The cluster analysis hub database
500 records information about each hub that 1s assigned by
the cluster analysis tool 300. As shown 1n FIG. 5, the cluster

analysis hub database 500 includes a plurality of records,
such as records 501-512, each associated with a different
hub. For each hub identified 1n field 520, the cluster analysis
hub database 500 1dentifies the building address, as well as
its latitude and longitude in fields 530, 540 and 550, respec-
fively. A flag 1n field 555 indicates whether the building has
fiber access. Field 560 1dentifies the assigned hub number.
Ficlds 565-567 indicates the operating radius for various
technologies and fields §71-573 indicates the radio load for
various technologies. Fields 580 and 585 indicate for each
hub the total radio load at the hub (DSOs not including those
at the hub building itself) and the total load to be backhauled

(total DSOs including those at the Hub itself), respectively.
The number of buildings assigned for each technology type
1s set forth 1n fields 591-593, and the total number of
buildings 1s 1indicated 1n field 5935.

FIG. 6 1s a sample table from an exemplary cluster
analysis building database 600. The cluster analysis building
database 600 records information about each building,
including its hub assignment. As shown 1n FIG. 6, the cluster
analysis building database 600 includes a plurality of
records, such as records 601-606, cach associated with a
different building. For each building 1dentified in ficld 620,
the cluster analysis building database 600 identifies the
building address, as well as its latitude and longitude in
fields 630, 640 and 650, respectively. The number of radios
assigned to the building are indicated in field 660, and a flag
in field 670 indicates the type of access that the building has
(e.g., whether the building has fiber or radio access). A hub
building 1dentifier and hub number assignment are set forth
in fields 680 and 690, respectively. The cluster radio type for
the building 1s recorded 1n ficld 6935.

Hub Sector Planning

The hub sector planning module 700 processes the output
from the cluster analysis tool 300 (i.e., the hub locations,
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covered buildings and their access type), and provides an
estimate of the minimum radio equipment required at each
building and hub site to assess the feasibility of such an
assignment based on the available FCC channels.

As discussed below 1n conjunction with FIG. 7, the hub
sector planner 700 determines the best radio sector configu-
ration for each hub in terms of the subsystems that are
required to cover the buildings 1n the cluster. The hub sector
planner 700 takes 1into account the selected radio technology,
its frequency bandwidth requirements for the given
conilguration, and the number of FCC channels that are held
by the service provider (or are planned to be obtained). In
addition, the hub sector planner 700 generates an indication
of which and how many buildings can be served by the
selected configuration for the assumed number of available
FCC channels. In this manner, the network planner can
determine the minimum number of FCC channels required
per serving area for this scenario. The hub sector planner 700
accounts for RF interference for the selected technologies
and equipment, based on the bandwidth requirements of the
individual buildings and their geographic locations. The
output of the hub sector planner 700 also identifies hub
locations, their associated buildings that can be served and
the building and hub radio equipment requirements.

FIGS. 7A and 7B, collectively, are a flow chart describing,
an exemplary implementation of the hub sector planner 700.
Generally, the hub sector planner 700 determines the mini-
mum number of subsystems and sectors for a given hub. As
shown 1n FIG. 7A, the hub sector planner 700 1nitially starts
with 90 degree sectors, having an orientation due north (0
degrees) during step 705. Thereafter, the sectors are rotated
by a specified amount, such as two degrees, during step 710.
For each orientation, the number of subchannels for each
technology are computed during step 715. In addition, for
cach orientation, any sector with less than a specified
threshold for the minimum number of buildings allowed 1n
a point-to-multipoint sector, €.g., five (5), 1s set to a point-
to-pomnt mode during step 720. The orientation with the
minimum number of sub-channels and point-to-point (PTP)
1s selected during step 725.

The total number of available subchannels, S, 1s deter-
mined during step 730, for example, based on existing FCC
licenses. A test 1s performed during step 735 to determine 1f
any point-to-multipoint sector has more than S/2 subchan-
nels. If 1t 1s determined during step 735 that no point-to-
multipoint sector requires more than S/2 subchannels, then
program control terminates.

If, however, it 1s determined during step 735 that a
point-to-multipoint sector requires more than S/2 channels,
then program control proceeds to step 740 (FIG. 7B). The
offending sectors are ranked during step 740 by the number
of required subchannels. Thereafter, the number of required
subchannels 1n the current offending sector and each adja-
cent sector (SS1 and SS2) are determined during step 7485.
A test 1s performed during step 750 to determine if both SS1
and SS2 are less than S. If 1t 1s determined during step 750
that both SS1 and SS2 are less than S, then control proceeds
with the next lowest ranked sector at step 745.

If, however, 1t 1s determined during step 750 that both SS1
and SS2 are less than S, then a further test 1s performed
during step 760 to determine 1if the offending sector 1s at its
lowest size allowed, such as 22.5 degrees. If it 1s determined
during step 760 that the offending sector 1s at 1ts lowest size
allowed, then an error has occurred, because there 1s too
much demand 1n the offending sector.

If, however, it 1s determined during step 760 that the
offending sector 1s not at its lowest size allowed, then the
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offending sector 1s split 1n two during step 765 and program
control returns to step 730 (FIG. 7A) and continues in the
manner described above. In this manner, the hub sector
planner 700 continues until no SS1 or SS2 1s greater than S

or the offending sectors cannot be split anymore.

FIG. 8 illustrates the hub sectoring output 800 of the hub
sector planner 700. As shown 1n FIG. 8, for a given hub, the
hub sector planner 700 determines the minimum number of
subsystems and sectors to service the assigned buildings.
For example, sector 1 has been reduced to 22.5 degrees to
service seven buildings in a point-to-multipoint mode. Sec-
tor 3 has been reduced to 22.5 degrees to service five
buildings 1n a point-to-point mode. Sector 2 has been
reduced to 45 degrees to service four buildings 1n a point-
to-multipoint mode. It 1s noted that sectors 1 through 3
collectively comprise 90 degrees. Sector 4 services 2 build-
ings 1n a point-to-point mode. Likewise, sector 5 services
five buildings 1n a point-to-multipoint mode.

FIG. 9 1s a sample table from a hub sector database 900
generated by the hub sector planner 700. Generally, the hub
sector database 900 records sector information for each hub.
As shown 1n FIG. 9, the hub sector database 900 1ncludes a
plurality of records, such as records 901-910, each associ-
ated with a different characteristic of the hub. In addition, the
hub sector database 900 includes fields for each sector of the
hub. For the exemplary hub shown 1n FIG. 9, four sectors
1-4 have been established, each with 90 degrees. Sector 1
extends from 28-118 degrees, sector 2 extends from
118-208 degrees, sector 3 extends from 208-298 degrees
and sector 4 extends from 298-28 (388) degrees.

Network Architecture Planner

The network architecture planner 250 processes the out-
put of the hub sector planning tool 700 to perform two main
functions. First, as discussed below 1n conjunction with
FIGS. 10 and 11, the network architecture planner 250
generates a complete configuration of the network 1 terms
of equipment requirements at each node (each building, hub
and service node). Second, the network architecture planner
compares a set of scenarios using several financial measures.

In determining the equipment requirements for each net-
work node, the network architecture planner 250 uses a fixed
network architecture that 1s assumed for the service provider
to offer their various services. The network configuration
takes mto account, for example the location of the service
node (which could be local or remote), location of data/
tandem Point of Presence (PoPs), traffic concentration
parameters, and the targeted year that each hub is to come
online. Thus, the network architecture planner 250 provides
a year-by-year equipment bill of materials for each network
clement or node, as well as the bandwidth requirements
between such nodes.

From the equipment listings, as illustrated 1n FIGS. 10
and 11, the network architecture planner 250 also derives the
corresponding capital and operational expenses for one or
more scenar1os under consideration. In addition, the revenue
model included in the network architecture planner 250
allows the service provider to consider various pricing
strategies for their services offered. Once the expense and
revenue Information i1s available, the “Financial” capability
of the network architecture planner 250 further allows the
service provider to evaluate the scenario with known busi-
ness measures. These include: Cash Flow, Balance Sheet,
Earnings Before Interest, Taxes, Depreciation, and Amorti-
zation (EBITDA), and Net Income. In this manner, the
network planner can evaluate a specific network configura-
tion scenario.
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The “portfolio” capability of the network architecture
planner 250 allows the network planner to capture (save) the
results of several different scenarios. These scenarios can be
compared and analyzed simultaneously, in terms of the
aforementioned business measures, thus allowing the plan-
ner to select a robust network solution.

FIG. 10 1llustrates a hub equipment listing 1000 1denti-
fying all equipment components required for a given hub
and 1ts assigned buildings under a certain scenario.
Generally, the hub equipment listing 1000 1s a year-by-year
list of equipment facilities to be deployed for all the build-
ings 1n a given hub, and for the hub itself. FIG. 11 illustrates
a service node equipment listing 1100 1dentifying all equip-
ment components required for a given service node under a
certain scenario. Generally, the service node equipment
listing 1100 1s a year-by-year list of equipment facilities to
be deployed for a given service node.

It 1s to be understood that the embodiments and variations
shown and described herein are merely illustrative of the
principles of this mvention and that various modifications
may be implemented by those skilled in the art without
departing from the scope and spirit of the 1nvention.

What 1s claimed 1s:

1. A communications network analysis system, compris-
Ing:

a market assessment tool that analyzes market-specific
data for potential customers to generate a list of target
customers and a corresponding revenue forecast;

a network planning tool for processing said list of target
customers to determine a location for one or more hub
sites and configure a network that services said target
customers; and

a financial analysis tool that determines a cost of materials
for each element 1n said configured network and a cost
of bandwidth requirements between said network ele-
ments to provide a corresponding expense forecast for
said network.

2. The system of claim 1, wherein said tools are included

in an integrated system.

3. The system of claim 1, wherein said tools produce an
output that 1s configured for processing by a subsequent tool.

4. The system of claim 1, wherein said tools produce an
output that 1s formatted for processing by a subsequent tool.

5. The system of claim 1, wheremn said revenue and
expense forecasts have corresponding forecasts for various
fime intervals.

6. The system of claim 1, wherein said market assessment
tool predicts telecommunications needs of said potential
customers.

7. The system of claim 1, wherein said market assessment
tool provides user-configurable settings to predict telecom-
munications needs of said potential customers, wherein a
collection of values for said user-configurable settings pro-
vides a network scenario.

8. The system of claim 7, wherein said system allows a
plurality of said network scenarios to be compared.

9. The system of claim 1, wherein said market assessment
tool provides user-configurable settings that filter said list of
potential customers, wherein a collection of values for said
user-conilgurable settings provides a network scenario.

10. The system of claim 9, wherein said system allows a
plurality of said network scenarios to be compared.

11. The system of claim 1, wherein said network 1s a fixed
wireless broadband network and said system further com-
prises a cluster analysis tool that processes said target
customers and determines a location for one or more hub
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sites, assoclated customer buildings for each of said one or
more hub sites and an access method per building.

12. The system of claim 11, wherein said one or more hub
sites and customer buildings are assigned based on a dis-
tance of each building to each possible hub and a total
bandwidth served from the hub.

13. The system of claim 12, further comprising a hub
sector planner that analyzes said hub assignments and allo-
cates each building 1n a given hub to a particular sector.

14. The system of claim 13, wherein said hub sector
planner assigns said sectors based on a selected radio
technology and its frequency bandwidth requirements for a
ogrven configuration.

15. The system of claim 13, wherein said hub sector
planner assigns said sectors based on a number of available
frequency channels.

16. A system for analyzing a plurality of network
scenarios, comprising:

a market assessment tool that analyzes market-speciific

data for potential customers using user-configurable

12

criteria to generate a list of target customers and a
corresponding revenue forecast;

a network planning tool for processing said list of target
customers using user-configurable criteria to determine
a location for one or more hub sites and configure a
network that services said target customers, a collection
of settings for said using user-configurable criteria for
said market assessment tool and said network planning,
tool comprising a scenar1o; and

a financial analysis tool that determines a cost of materials
for each element 1n said network scenario and a cost of
bandwidth requirements between said network ele-
ments to provide a corresponding expense forecast for
said network scenario.

17. The system of claim 16, further comprising means for

comparing said plurality of scenarios.

18. The system of claim 16, further comprising business

measures for comparing said plurality of scenarios.
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